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Abstract 
Tensile properties are the most fundamental properties for the mechanical structure design. Due to industrial 
development in all areas requires sophisticated and smart, lightweight, high-quality products continues to increase 
appetite. Therefore, designer was necessary more accurate mechanical properties. To meet these requirements, In the 
field of mechanical engineering has a lot of effort. In this study, several testing laboratory ware proficiency 
testing(PT) in Korea to the ability of the tensile test, to the reliability of testing machine and to assessment the skill 
level of a tester. Also propose each laboratory problems and improvements on the basis of PT test results. 
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1. Introduction 
The design of machinery constructions in machinery relies on accurate and reliable estimates of the 
load acting on the constructions in question and the strength of the machinery construction material. For 
typical dimensions of airplane components, automobile parts, etc., the accurate material properties are 
very important. Recently, the properties of these materials for the production of many efforts are being 
made. Prior to producing the material properties of the tester and testing laboratories to determine the skill 
level of testers to solve the problems of the proficiency test (PT) was conducted. 
For the tests material ˄˄CRM-661˅˅ was used which nowadays is available from the Institute for 
Reference Materials and Measurements(IRMM) of the european commission. The test results obtained 
with material testing machine in ten of the involved laboratories are distributed with the CRM-661 
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samples i.e., for a series of tensile properties measured (mean value and 95% confidence interval obtained 
from the tests in the ten laboratories ; these results are called the ˄˄certified value˅˅ in the following)[1]. 
Thus, eight can purchase sample of CRM-661, run tensile tests and compare own results with the certified 
values. Eight research laboratories attended to tensile test of the CRM-661 material. 
In the present study, five kinds of tensile properties measured at each eight laboratory compared with 
certified value, and each testing laboratory to evaluate the proficiency.  
2. Material and testing 
2.1. Material
The material is intended to demonstrate proficiency of test according to EN 10002-1[2]. Certified 
Reference Material (CRM) for uniaxial tensile testing, BCR CRM 661, from the nickel-base solid 
solution alloy Nimonic 75. The particular advantages of Nimonic 75 are the smooth transition from 
elastic to plastic strain (no yield drop), the fine grain size (giving good homogeneity), machining 
characteristics similar to steel and resistance to corrosion during storage. Chemical composition of these 
materials is shown in Table 1.[1] 
Table 1. Chemical composition of Nimonic 75. 
C Si Mn Al Co Cr Cu Fe Mo Nb Ti V Ni
Wt(%) 0.11 0.40 0.41 0.19 0.16 18.8 0.21 4.00 0.08 0.03 0.28 0.01 bal. 
2.2. Testing 
Test-pieces with diameter 10mm, parallel gauge length 60mm and extensometer gauge length 50mm 
should be machined from the bars supplied, as indicated in certification report EUR 19589 EN for CRM. 
Laboratories may machine the grip ends to suit the grips available on their testing machines. The material 
has similar machining characteristics to an austenitic stainless steel (conventional turning methods on a 
lathe will suffice). The strain rate should be 0.033 % s-1 up to 2 % strain to determine modulus and proof 
stress, followed by cross-head displacement control equivalent to a strain rate of 0.17 % s-1 until fracture. 
The cross-head speed should be set to 0.1 mm s-1 to achieve this. The test temperature should be (22 ± 2) 
ºC[1].
Table 2. Laboratory test conditions. 
Lab.1 Lab.2 Lab.3 Lab.4 Lab.5 Lab.6 Lab.7 Lab.8
Test
machine 
type 
servo-
hydraulic 
servo-
hydraulic
servo-
hydraulic Electric
servo-
hydraulic 
servo-
hydraulic
servo-
hydraulic 
servo-
hydraulic 
Spec. 
OD(mm) 10 10 6 10 10 10 10 6.25
GL
(mm) 50 50 25 50 50 50 50 25
Test
speed 
0.00033/sec
0.0017/sec 1mm/min 0.02/min 1mm/min
0.00033/sec
0.0017/sec
0.003/min
0.1/min 1mm/min 0.001/sec
Control
mode strain stroke strain stroke strain strain stroke strain 
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For proficiency test, test-pieces with diameter 10mm or 6 mm, parallel gauge length 60mm or 30 mm 
and extensometer gauge length 50mm or 25 mm should be machined from the bars supplied. Laboratories 
may machine the grip ends to suit the grips available on their testing machines. The strain rate should be 
0.033 % s-1 up to 2 % strain to determine modulus and proof stress, followed by cross-head displacement 
control equivalent to a strain rate of 0.17 % s-1 until fracture. Each of the laboratory test conditions were 
summarized in Table 2.  
3. Test Results and Discussion 
3.1. Test Results 
The certified values and uncertainties of CRM-661 are shown in Table 3. Samples were prepared 
according to Fig. 1 from three bars and were tested by eight laboratories for proficiency test. The tests 
were carried out according to there test method using servo-hydraulic or electric test machines. Each 
laboratory testing proved their own way and determined the tensile properties. The following data were 
reported: Young’s modulus E, 0.2 % proof stress Rp0.2, 0.5 % proof stress Rp0.5, tensile strength Rm,
elongation at fracture A and reduction in area after fracture Z. These are given in Tables 4.
Table 3. Certified values and uncertainties of the BCR CRM-661. 
Nickel Base Alloy 
Ambient temperature tensile properties 
Certified Value Uncertainty Unit 
0.2% Proof stress(Rp0.2) 300 8 MPa 
0.2% Proof stress(Rp0.5) 318 7 MPa 
Tensile strength(Rm) 750 14 MPa 
Elongation at fracture(A) 40.9 0.9 %
Reduction in area at fracture(Z) 60 4 %
Young’s Modulus(E) 206 21* GPa
Table 4. Tensile test results of laboratory. 
Certified 
Value Lab.1 Lab.2 Lab.3 Lab.4 Lab.5 Lab.6 Lab.7 Lab.8
Rp0.2
(MPa)
293-307
(300) 302 298 498 - 310 318 306 331
Rp0.5
(MPa)
311-325
(318) 315 258 - - - - - -
Rm
(MPa)
737-763
(750) 759 767 976 765 754 765 766 771
A
(%)
40.0-41.8 
(40.9) 39.4 59 68 58 39 37 40 42
Z
(%)
56-64 
(60) 61 38 46 60 60 60 60 56
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Fig. 1. Tensile test specimen dimension 
                            (a)                                                                           (b) 
                            (c)                                                                           (d) 
Fig. 2. Test result compared with certified values. 
(a) elastic modulus; (b) ultimate tensile stress; (c) 0.2 % offset yield stress; (d) reduction of area. 
Each laboratory examination data showed with certified value and uncertainty range on Figure 2. 
Young’s modulus did not make in the range of uncertainty from the three laboratories as shown in Figure 
2 . (a). Tensile strength was measured higher then uncertainty from six laboratories (Figure 2 . (b)), the 
yield strength of an institution that did not measured, three laboratories were highly measured (Figure 2 . 
(c)), and reduction of area were higher in the one laboratory (Figure 2 . (d)). A proficiency of the tester 
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and the test machine was to observe and solve problems, based on the above results. Laboratory 2 were 
tested in displacement control, the test speed is very fast. Therefore, tensile strength higher then 
uncertainty and elastic modulus could not measure to accurately. Calibrate the load cell and to enhance 
the skills of test subjects were advised. Test machine is recommended to control the strains at laboratory 4, 
And laboratory 5 to recommendations the test speed as to standards. 
4. Conclusions 
Proficiency testing(PT) was carried out in order to the ability of the tensile test, to the reliability of 
testing machine and to assessment the skill level of a tester in Korea. Also propose each laboratory 
problems and improvements on the basis of PT test results. BCR CRM 661 is good for proficiency 
testing(PT) material. 
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